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TITLE OF THE INVENTION 

SEMICONDUCTOR DEVICE AND CHIP CARRIER 



CROSS - REFERENCE TO RELATED APPLICATIONS 
5 This application is based upon and claims priority of 
Japanese Patent Application No. 2001-28881, filed in 
February 5, 2001, the contents being incorporated herein 
u by reference. 

2 10 BACKGROUND OF THE INVENTION 

[*} 1. Field of the Invention 

uy The present invention relates to a semiconductor 

device and a chip carrier and, more particularly, a 
D structure of a temperature sensor portion of the 

O 15 semiconductor device, for example, a structure of a 
thermistor element portion employed in temperature 
control of a laser chip of a semiconductor light emitting 
device as the major application mode. 
2. Description of the Prior Art 
20 In order to control the temperature of the laser 

chip in operation, for example, a thermistor is brazed to 
a ceramic carrier onto which a semiconductor light 
emitting element, e.g., a laser chip, is mounted, as 
shown in FIG.l. 

25 In FIG.l, a rectangular first conductive pattern 

102a and an L- shaped second conductive pattern 102b are 
formed in a first region that is positioned near one end 
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on a major surface of a ceramic carrier 101. Also, a 
rectangular third conductive pattern 102c is formed in a 
second region that is positioned near the other end on 
the major surface. 
5 A lower electrode 103a of the laser chip 103 is 

connected to such second conductive pattern 102b by a 
conductive brazing material 104, and also a first gold 
wire 105a is connected to such second conductive pattern 
102b by the bonding. Second and third gold wires 105b, 

10 105c that relay the first conductive pattern 102a are 

electrically connected to an upper electrode 103b of the 
semiconductor laser 103. 

Also, a thermistor 106 is connected to the third 
conductive pattern 102c, so that the temperature is 

15 sensed in response to change in its resistance. 

The thermistor 106 has first and second electrodes 
106b, 106c formed on a major surface of a ceramic 
substrate 106a, and a thermistor element 106d connected 
to these first and second electrodes 106b, 106c. The 

20 thermistor having such structure is set forth in Patent 

Application Publication (KOKAI) Hei 6-61012, for example. 

Then, a bottom surface of the ceramic substrate 
106a is connected to the third conductive pattern 102c 
via a solder 107. Also, fourth and fifth gold wires are 

25 bonded to the first and second electrodes 106b, 106c 

respectively and then extended electrically to the 
outside therefrom. In this case, the third conductive 
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pattern 102c is formed to improve the adhesiveness 
between the ceramic substrate 106a and the ceramic 
carrier 101. 

However, in the above structure, a thermal 
5 resistance of a solder 107, that is interposed between 
the ceramic carrier 101 and the thermistor element 106d, 
is changed time- dependent ly due to the change in 
microstructure or the progress of crack caused by the 
solder creep after the semiconductor light emitting 
10 device is operated. 

Therefore, the resistance value of the thermistor 
element 106d to sense the temperature of the laser chip 
103 is changed with the lapse of the operation years of 
the semiconductor light emitting device. 

15 

SUMMARY OF THE INVENTION 

It is an object of the present invention to provide 
a semiconductor device and a chip carrier, which is 
capable of controlling a temperature of a semiconductor 
20 chip with high precision. 

The above subject can be overcome by providing a 
semiconductor device which comprises a carrier substrate, 
a temperature sensing resistive element deposited on the 
carrier substrate, a semiconductor element mounting 
25 portion laid on the carrier substrate, and a 

semiconductor element mounted on the mounting portion. 

In the above semiconductor device, the carrier 
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substrate is formed of ceramics. 

Also, in the above semiconductor device, conductive 
patterns that are formed on the carrier substrate and 
connected to the temperature sensing resistive element 
5 are further comprised. In this case, each of the 
conductive patterns has a bonding point that is 
electrically connected to an outside, and a portion 
having low thermal conductivity is interposed into each 
of the conductive patterns between the bonding point and 

10 the temperature sensing resistive element. The portion 

having the low thermal conductivity is a bent portion of 
each of the conductive patterns. Also, the portion 
having the low thermal conductivity is a small width 
portion of each of the conductive patterns. 

15 In the above semiconductor device, the temperature 

sensing resistive element contains at least one of Mn, Ni 
Co, and Fe. 

Also, in the above semiconductor device, the 
semiconductor element is a semiconductor laser. In this 
20 case, a heat sink is interposed between the semiconductor 

laser and the mounting portion. 

The above subject can be overcome by providing a 
chip carrier which comprises a carrier substrate, a 
temperature sensing resistive element deposited on the 
25 carrier substrate, and a semiconductor element mounting 

portion laid on the carrier substrate. 

In the above chip carrier, the carrier substrate is 
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formed of ceramics. 

In the above chip carrier, conductive patterns that 
are formed on the carrier substrate and connected to the 
temperature sensing resistive element are further 
5 comprised. In this case, each of the conductive patterns 

has a bonding point that is electrically connected to an 
outside, and a portion having low thermal conductivity is 
interposed into each of the conductive patterns between 
the bonding point and the temperature sensing resistive 

10 element. Also, the portion having the low thermal 

conductivity is a bent portion of each of the conductive 
patterns. Also, the portion having the low thermal 
conductivity is a small width portion of each of the 
conductive patterns. 

15 In the above chip carrier, the temperature sensing 

resistive element is formed through the step of sintering 
on the carrier substrate. In this case, the temperature 
sensing resistive element contains at least one of Mn, Ni, 
Co, and Fe. 

20 According to the present invention, the temperature 

sensing resistor film (thermistor) is formed directly and 
monolithically onto the carrier substrate on which the 
semiconductor element (e.g., semiconductor laser chip ) is 
mounted. 

25 Therefore, in the case that the temperature of the 

semiconductor element transmitted via the carrier 
substrate is sensed by the temperature sensing resistor 
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film, the thermal resistance between the temperature 
sensing resistor film and the carrier substrate is never 
changed even after the operation hours of the 
semiconductor chip has lapsed. 
5 As a result, the temperature of the laser chip can 

be controlled without variation in a longer term than the 
prior art and with high precision. 



BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. I is a perspective view showing the 
semiconductor light emitting device in the prior art; 

FIG. 2 to FIG. 4 are perspective views showing steps 
of manufacturing a semiconductor light emitting device 
according to an embodiment of the present invention; and 

FIG. 5 is a side view showing the application state 
of the semiconductor light emitting device according to 
the embodiment of the present invention. 



DESCRIPTION OF THE PREFERRED EMBODIMENT 
20 An embodiment of the present invention will be 

explained with reference to the accompanying drawings 
hereinafter. 

FIG. 2 to FIG. 4 are perspective views showing steps 
of manuf act uring a semiconductor light emitting device 
25 according to an embodiment of the present invention. 

Steps required to get the state shown in FIG. 2 will 
be explained hereunder. 



First, a metal film is formed on a major surface of 
a ceramic carrier (substrate) 1 formed of ceramics such 
as alumina, aluminium nitride, etc. This metal film is 
formed by sputtering sequentially titanium and platinum 
on the ceramic carrier 1, for example. 

Then, a resist pattern (not shown) of wirings and 
pads is formed on the metal film, and then the metal film 
in regions that are not covered with the resist pattern 
is removed by the sputter etching. Thus, an island- like 
first conductive pattern 2 is formed at one corner 
positioned near one end of the major surface of the 
ceramic carrier 1, and also an L- shaped second conductive 
pattern 3, on which the laser chip is mounted, is formed 
at a distance around the first conductive pattern 2. 
Also, a third conductive pattern 4 and a fourth 
conductive pattern 5, which extend while bending zigzag 
along both sides of the ceramic carrier 1, are formed at 
a distance in the region near the other end of the major 
surface of the ceramic carrier 1. End portions of the 
third and fourth conductive patterns 4, 5 positioned near 
the other end of the ceramic carrier 1 are formed as 
wire-bonding points. Also, bended portions 4a, 5a in the 
middle of the third and fourth conductive patterns 4, 5 
are portions having the low thermal conductivity and have 
a pattern width that is narrower than that of both ends. 

Then, a sintered film that is made of single or 
composite oxide containing at least one of manganese (Mn) , 
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nickel (Ni), cobalt (Co), iron (Fe) , etc. is formed 
directly on the major surface of the ceramic carrier 1 
and the first to fourth conductive pattern electrodes 2 
to 5 by the sputtering to have a thickness of 0.1 to 2.0 
5 U m. Then, the sintered film is burned by heating at 

several hundreds °C for several hours. 

In turn, as shown in FIG. 3, the sintered film is 
patterned by the photolithography method such that such 
sintered film remains in regions of the third and fourth 

10 conductive patterns 4, 5 that are located on one end 
portion near the center of the ceramic carrier 1 and 
between the third and fourth conductive patterns 4, 5. 
Thus, a thermistor element 6 made of the sintered film 
(temperature- sensing resistor film) whose both ends are 

15 connected to the third and fourth conductive patterns 4, 

5 respectively is formed monolithically on the major 
surface of the ceramic carrier 1. Accordingly, a 
thermistor carrier having a laser chip mounting region 
(semiconductor element mounting portion) can be completed 

20 Then, as shown in FIG. 4, a laser chip 8 is jointed 

to the second conductive pattern 3 by using a solder 7 . 
In this case, a second electrode 8b of the laser chip 8 
is positioned upwardly by jointing a first electrode 8a 
of the laser chip 8 to the second conductive pattern 3 . 

25 A heat sink (not shown) may be interposed between the 

laser chip 8 and the ceramic carrier 1. 

The structure in which the laser chip is fitted on 



the thermistor carrier is completed through the above 
steps. 

As shown in FIG. 5, the above structure as well as a 
first lens 11 is fitted onto an insulating substrate 12, 
and then fixed at such a position that an output end of 
the laser chip 8 is directed toward the first lens 11. 
The insulating substrate 12 is fitted onto a Peltier 
element 20. 

Meanwhile, in the structure shown in FIG. 4, a first 
gold wire 13 is bonded to the wire bonding point of the 
second conductive pattern 3, which is near one end of the 
ceramic carrier 1, and also is connected to an external 
laser driving circuit (not shown). Also, a second gold 
wire 14 is bonded to the second electrode 8b of the laser 
chip 8 and the first conductive pattern 2, and then a 
third gold wire 15 is bonded to the first conductive 
pattern 2 and also is connected to an external laser 
driving circuit 18. 

In addition, a fourth gold wire 16 and a fifth gold 
wire 17 are bonded respectively to other end portions of 
the third and fourth conductive patterns 4, 5, to one end 
portions of which the thermistor element 6 is connected, 
and also connected to a differential amplifier 18a of a 
temperature control circuit 18 shown in FIG. 5. That is, 
the thermistor element 6 is connected to the differential 
amplifier 18a of the temperature control circuit 18 via 
the gold wires 16, 17 and the third and fourth conductive 
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patterns 4, 5. 

The differential amplifier 18a can set the 
temperature of the ceramic carrier 1, i.e., the 
temperature of the laser chip 8, to a predetermined 
5 temperature by comparing the resistance of the thermistor 

element 6 with a reference resistance value of a 
reference resistor 18b, then adjusting a current value to 
the Peltier element (temperature heating/ cooling element) 
20 via an amplifier 18c so as to reduce a reference 

10 difference to zero, and then controlling the temperature 
of the Peltier element 20 such that the thermistor 
element 6 has the reference resistance value. The 
reference resistance value of the reference resistor 18b 
is previously set to the resistance value of the 

15 thermistor element 6 when the temperature of the laser 

chip 8 is 25 °C, for example. 

In the above optical module, the thermistor element 
6 is formed directly and monolithically on the ceramic 
carrier 1, on which the laser chip 8 is mounted, without 

20 the intervention of the solder or the brazing material 

whose thermal resistance is easily changed. Therefore, 
the temperature of the laser chip 8 can always be sensed 
with good precision via the ceramic carrier 1 
irrespective of the lapse of the driving time of the 

25 laser chip 8, whereby the cooling or heating control of 

the laser chip 8 made by the temperature control circuit 
18 and the Peltier element 20 can be executed with high 
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precision. 

As a result, since the change in microstructure or 
the progress of crack caused due to the solder creep is 
not caused after the laser chip is operated, the 
5 temperature of the laser chip 8 fitted onto the ceramic 

carrier 1 is not varied for a long term and is kept 
constant, and thus the optical characteristic of the 
laser chip 8 can be maintained constant. 

In FIG. 5, a reference 21 denotes an optical fiber 

10 that is connected optically to the first lens 11 via the 

second lens 22 . 

In the above embodiment, the laser chip 
(semiconductor laser) is fitted to the semiconductor 
mounting region on the thermistor carrier. But the 

15 temperature of the semiconductor element may be 
controlled constant by fitting other semiconductor 
element onto the semiconductor mounting region. 

As described above, according to the present 
invention, the temperature sensing resistive element is 

20 formed directly and monolithically onto the carrier 

substrate on which the semiconductor chip (e.g., 
semiconductor laser chip) is mounted. Therefore, in the 
case that the temperature of the semiconductor chip 
transmitted via the carrier substrate is sensed by the 

25 temperature sensing resistor film, the change in the 

thermal resistance between the temperature sensing 
resistor film and the carrier substrate can be prevented 
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even when the operation time of the semiconductor chip 
becomes longer, so that the temperature of the 
semiconductor device can be controlled without the 
variation in a longer term than the prior art and with 
high precision. 



